So far, many studies have focused on biodegradable scaffolds for tissue engineering purposes. Herein, a starch-based biodegradable scaffold was fabricated by the freeze-drying method and cross-linked using a different concentration of 3-glycidoxypropyl-trimethoxysilane (GPTMS). Field emission scanning electron microscopy (FE-SEM) micrographs indicated an interconnected porous microstructure in which the porosity decreased as a function of starch and GPTMS content. Increasing the mechanical stability and decreasing absorption capacity and biodegradation ratio affected by the higher concentration of cross-linker and the changes in structure as a function of cross-linker enhancement. Moreover, the mineralization of hybrid structures in simulated body fluid was proved by FE-SEM image and X-ray diffraction analysis. Results indicated the more GPTMS in scaffolds led to more hydroxyapatite formation. The ability of the growth and proliferation of bone marrow mesenchyme stem cells on the constructs confirmed the ability of scaffolds for bone tissue engineering applications. 
Introduction
Nowadays, bone defects generated by the resection of bone tumors, trauma, and age-related conditions are mostly reconstructed with autologous grafts. However, the harvest of autologous bone has obstacles in several ways such as the limitation of material supply, probable donor-site morbidity, and the procedure prolongs the time of surgeries [1, 2] . The mentioned limitations draw the attention of the researchers using tissue engineering, which is a combination of scaffolds, desirable cells, and signaling molecules [2] . Scaffolds are developed to serve as a temporary artificial extracellular matrix to support cell attachment and conduct three-dimensional tissue formation [3, 4] . Consequently, a perfect scaffold should mimic the advantageous properties of the natural extracellular matrix [5] . The ideal scaffold should provide a structure with open pores and desirable properties like toughness, strength, and sufficient stiffness to manage the structure and function during Applied Biochemistry remodeling of the implants that are crucial to promoting rapid tissue ingrowth [6] . A lot of materials partially synthetic bone substitute ones such as calcium phosphate [7, 8] , hydroxyapatite [9, 10] , glass-reinforced hydroxyapatite [11] , or natural biopolymers such as starch [12] [13] [14] , alginate [15] , gelatin [16] , and collagen [17] have been used to fabricate scaffolds for bone tissue engineering.
Starch is one of the most promising biopolymers because of its competitiveness in price and applicability to various industries. Starch-based polymers are biocompatible and degradable polymers [18] [19] [20] , which are able to support attachment, proliferation, and differentiation of bone marrow stromal cells [13] . Chemically, starch is a polymeric carbohydrate composed of glucose units linked together by (1) (2) (3) (4) bonds. It is generally established that starch is a heterogeneous material which contains both amyloses (linear) and branched amylopectin (structures). The high molecular weight and branched structure of amylopectin reduce the mobility of the polymer chains and prevent become oriented closely in order to permit significant levels of hydrogen bonding [21] .
Several hydroxyl functional groups are on both amylose and amylopectin molecules of starch. In fact, the monomeric unit in starch has three available hydroxyl groups for possible reactions such as esterification, oxidation, etherification, and cross-linking. Starch has tremendous hydrophilic properties due to a chemical structure that made it incompetent to develop a scaffold [22] . The other studies indicated that the hybrid structure of organic and inorganic components improves the mechanical stability of scaffolds and converts the constructs to an appropriate option for bone regeneration [23, 24] . As the starch normally degrades rapidly in aqueous media, it requires an additional cross-linking process. Herein, 3-glycidoxypropyltrimethoxysilane (GPTMS) was selected as a biocompatible and hydrophobic material to modify the super hydrophilicity of construct beside the induction of bioactive properties to the scaffolds. The trimethoxysilane groups in the GPTMS structure could be hydrolyzed and form silanol groups (Si-OH). These silanol groups also could be compressed and build a network of Si-O-Si [25] .
Several other studies also have shown that the use of GPTMS as a cross-linker could enhance the mechanical properties, cell attachment, and proliferation in the polymeric scaffold, especially in natural polymeric scaffold-like chitosan and gelatin. These studies also showed that the GPTMS was more effective than the other cross-linkers such as biological (genipin) or chemical (aldehydes) in improving the properties mentioned [25] [26] [27] [28] . In some of the studies on the siloxanebased hybrids such as siloxane-gelatin and siloxane-chitosan, the ability to form bone mineral like apatite on the surface under simulated biological conditions has been proved [29] [30] [31] [32] [33] .
In this study, starch scaffolds were fabricated by freezedrying technique and the effect of polymer concentration on the physicochemical and mechanical performance of constructs was studied. All the scaffolds were cross-linked via ascending concentration GPTMS and all the above-mentioned properties were discussed as a function of GPTMS enhancement. Finally, the best-synthesized scaffold based on obtained results was then biologically evaluated by culturing the harvested bone marrow mesenchyme stem cells (BMSCs) on the hybrid structures. 
Materials and Methods

Materials
Preparation of starch-siloxane hybrid scaffolds
First, an aqueous solution of starch was prepared by mixing starch in the distilled water in a different ratio 1%, 3%, and 5% (w/v) under a magnetic stirring at 40
• C for 5 H. Further, GPTMS was added to the starch solution with molar ratio 0.5:1 (starch:GPTMS) and mixed by more stirring for 2 H at room temperature. Freeze-drying of hybrid scaffolds was done after solidification of the prepared solution at −20
• C. The frozen samples in a mold with diameter of 10 mm were lyophilized (FD-10; Pishtaz Engineering Co., Tehran, Iran) at temperature of −58
• C and pressure 0.5 Torr for 48 H. According to the characterization results, the solution with the best concentration of starch (5%(w/v)) was prepared same as above procedure but with the addition of ascending concentration of GPTMS as represented in Table 1 .
Characterization of prepared scaffolds
Morphology observation and porosity measurement
Surface morphologies of the porous starch-siloxane hybrid scaffolds were observed by a field emission scanning electron microscope (FE-SEM, MIRA3; TESCAN Co., Brno, Czech Republic) operated at an accelerating voltage of 15 kV. Before morphology observations, the samples were coated with a thin layer of gold using a sputter coater under argon atmosphere in two 30 Sec consecutive cycles at 45 mA to reduce charging and produce conductive surface. The average pore sizes of the scaffolds with different GPTMS concentration were measured using an image analysis program (KLONK Image Measurement Light, Edition 11.2.0.0) and FE-SEM photographs (for each sample, 
where ρ is the density of the freeze-drying scaffold that was obtained via density bottle method and ρ 0 is the density of the bulk polymer.
Fourier-transform infrared spectroscopy
The chemical composition and structure of the starch-siloxane hybrid scaffolds were characterized by Fourier transform infrared spectroscopy (FTIR; Nicolet Is10, USA). For FTIR, 3 mg of scraped scaffold samples was blended with 300 mg of KBr and the spectrums were recorded over the wavenumber range between 400 and 4,000 cm −1 .
Mechanical properties
The mechanical behaviors of hybrid scaffolds were evaluated by a compressive strength test using a universal compressive strength test system (STM 20; Santam, Tehran, Iran). So, the specimens with a diameter of 10 mm and a height of 12 mm were compressed under a cross-head speed of 1 mm Min
using a screw-driven load frame. The maximum tolerated stress was determined using mechanical analysis.
Swelling ratio
The absorption capacity of the scaffolds was studied according to the method of Pan et al. [35] . In this regard, PBS was used as a suspension medium. The specimens were weighed and were completely immersed in 30 mL of the PBS solution for 2, 12, and 24 H in a thermoshaker (Thermoshaker, LS-100, Thermo Scientific, Waltham, Massachusetts, United States) at 2 g and 37 ± 0.5 • C. At each period, the adsorbed water on the surface was removed by wiping with filter paper and was then weighed. The swelling ratio was determined using the Eq. (2), where W 0 is the initial weight and W is the wet weight of sample [36] .
In vitro biodegradation evaluations
To specify in vitro biodegradation rate of constructs; first, the scaffolds were weighed respectively to get the initial dry weight (W 0 ); then, the pieces were immersed in 30 mL PBS; after that, it was placed in thermoshaker at 2 g and 37 ± 0.5 • C for 3, 6, 9, 12, and 15 days. At the end of each time, the sample was taken out, washed with distilled water, freeze-dried at a temperature about −58
• C and pressure 0.5 Torr for 24 H and again weighed (W). The PBS solution was updated weekly. The biodegradation ratio was calculated according to the Eq. (3), where W 0 is the initial weight and W is the dry weight of samples [36] .
Bioactivity analysis
To determine the ability of mineralization of 5S1G hybrid scaffolds as the best-characterized sample, the specimens were put in tubes containing 30 mL SBF under shaking at 37 ± 0.5 • C and 2 g rotational speed using thermoshaker for 3, 7, and 14 days. The SBF solution was refreshed every other day. At the end of each time point, the specimens were taken out, washed with distilled water and freeze-dried for 24 H, pressure 0.5 Torr and temperature about −58
• C. The surface morphology and phase analysis of the samples after mineralization were evaluated using FE-SEM equipped with an energy dispersive X-ray spectroscopy (EDX). The elemental composition of the samples was determined using EDX. Phase analysis of the hybrid scaffolds was conducted using an XRD (XRD, Philips PW3710, Almelo, Netherlands) with monochromatic Cu-Kα radiation under the operating conditions of 30 mA and 40 kV. Comparison of XRD patterns with JCPDS standards was used to identify the crystalline phases.
Cell culture
In this experimental study, 50 days aged male Wistar rats (weighing 140 ± 20 g) have been used. The animals purchased from the Institute Pasteur in 27 ± 3
• C temperature conditions and with convenient access to food and water were stored in polyethylene cages. Rats by considering the standards for the care and use of laboratory animals, using diethylene ether anesthetized, femur and tibia removed, and the connective tissue around the bones was completely clean. DMEM supplemented with 15% FBS and 100 mg mL −1 penicillin-streptomycin. Under the laminar hood, the ends of bones cut with sterile scissors and bone marrow were extracted by flushing action. Then, the bone marrow was transferred into the falcon tubes containing complete culture medium and then centrifuged for 5 Min at 1400 g. The supernatant was discarded and the cell sediment was suspended in 5 mL of fresh medium and cultured in T25 flasks (incubated at 37
• C, with 5% CO 2 ). After 24 H, the supernatant with non-adherence cells was removed. The medium was replaced every 3 days for a 30-day period. When the cell density was high in the bottom of the flask, cells were isolated using EDTA-Trypsin and transferred to new flasks. To obtain a high purity of the cells, passages were repeated three times.
To determine cell adhesion, 1 × 10 4 BMSCs was seeded on each sterile sample as represented in the previous study [2] . The scaffold and cell were incubated in presence of DMEM medium containing 10% (v/v) FBS and 1% penicillin-streptomycin for 5 days at 37
• C, 5% CO 2 , and 95% humidity. The cell attachment was identified thorough FE-SEM micrographs after the fixation process. Therefore, the cell cultured scaffold was washed with PBS and fixed with glutaraldehyde solution for 2 H at room temperature. Then, dehydration process was done with an ascending concentration of ethanol.
Scaffold cytotoxicity and cell proliferation were analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay [37] . Control cultures and the seeded specimens were incubated with 0.5 mg mL -1 of MTT solution during the last 4 H of the culture period tested; the medium was then decanted, formazan salts were dissolved with DMSO and the absorbance was measured at 570 nm at days 1, 3, and 5 after culturing. The cells and culture plate without scaffolds were chosen to be the control group.
Statistical analysis
The data from different parts of the study were analyzed by SPSS software version 17 and related graphs were plotted by this software. For statistical analysis, one-way ANOVA tests were used. Figures 1a-1d show the FE-SEM images of the freeze-drying hybrid scaffold with 3% and 5%(w/v) starch and ascending concentration of GPTMS under the same condition. Regardless of the ratio of starch and GPTMS, all of the scaffolds showed interconnected porous microstructure. The other study proved the strong effect of network structure on supporting cell growth, migration, and proliferation [38] . Results (Fig. 2a) indicated more than 85% porosity in all the test groups in which the porosity decreased as a function of starch concentration enhancement. The scaffold with 3% starch has also significantly greater porosity compared with 5% polymer. Besides, in the same amount of starch, with an increase in the GPTMS ratio, the porosity of the scaffolds decreased. Moreover, homogeneity of pores, uniformity, and integrity of structures was investigated by an increase in GPTMS content. Figure 2b shows the mean pore size of all four samples. The sample 5S2G has significantly (P < 0.05) lower mean pore size than other scaffolds, which is related to increasing of cross-linking. Mane et al. [39] reported that with increasing of the cross-linking agent, the porosity decrease. In the literature, different ranges have been reported for porosity, and the porosity of our scaffolds has been consistent with a lot of them [40] [41] [42] .
Result and Discussion
Morphology observation
FIG. 1
FE-SEM images of freeze-drying hybrid scaffold (3S1G (a), 5S1G (b), 5S1.5G (c), and 5S2G (d)).
FTIR analysis
FTIR has been extensively used to investigate adsorption and reactions on surfaces and at interfaces. In Fig. 3a , the FTIR spectra of starch, GPTMS, and hybrid scaffolds are reported. For pure starch, the O-H stretching mode of starch was observed in the 3400-3600 cm −1 in the FTIR spectra. It also showed CH2 stretching modes at the 2,940 cm −1 . The observed bond at 1,675 cm −1 was attributed to the adsorbed water in the amorphous region of starch [43] . The peak at 1,183 cm −1 was because of the coupling modes of C-O and C-C stretching [43] . The infrared absorption band at the 952 cm also was attributed to the glycosidic linkages in starches. In the case of GPTMS, strong bands in the FTIR spectrum of molecule observed at 1,087 and 1,201 cm −1 that are connected with CH2 wagging vibrations of glycidoxy and propyl chain group, respectively. The presence of epoxy groups in FTIR spectra was proved by the presence of epoxy in 460, 840, and 1,268 cm −1 [44] . Two observed bonds in FTIR spectra at 2,954 and 2,849 cm −1 are assigned to CH3 stretching modes of the methoxy groups [44] .
FIG. 2
Porosity measurement of starch-GPTMS scaffolds as a function of polymer and cross-linker concentration (a)
, and mean pore size the samples (*P < 0.05, ****P < 0.0001; ANOVA, all pairs were compared using Tukey's test).
The mechanism of reaction between starch and GPTMS was followed by rapid oxirane ring opening of GPTMS and deprotonation of hydroxyl groups in starch. This phenomenon leading to the formation of ethere bond between hydroxyl and epoxy groups. Besides, the trimethoxy groups of GPTMS hydrate in aqueous media and create silanol groups. Condensation of silanol groups resulted in the formation of Si-O-Si bonds and cross-linking the structure [45, 46] . In the spectrum of all starch-GPTMS scaffolds, new bands at 1,024 and 1,160 cm
were seen which are assigned to Si-O-Si [29, 33, [46] [47] [48] . Besides, the Si-OH bonds can be observed at ß950 cm −1 , which indicated the successful bonding of GPTMS with starch. Ahmadi et al. [49] showed Si-OH peak at the 953 cm −1 in their study, which related to the three-dimensional silicate network. Figure 3b indicated the schematic representation of the interaction between starch and GPTMS.
Mechanical properties
To overcome the instability of starch in aqueous media, a hybrid system using a component such as GPTMS, with bioactive property for biomimetic mineralization, are employed. The low
FIG. 3 FTIR spectra of starch, GPTMS, and hybrid starch-GPTMS (a) and schematic starch and GPTMS interactions (b).
affinity of GPTMS to interact with water molecules prevents fast solubility of scaffolds in physiologic media; even though, these phenomena resulted in postponing cell proliferation [23, 46] . Moreover, cross-linking hydrophilic functional groups of starch via GPTMS ended to more strength via the creation of silanol groups in the chemical structure of constructs. Despite its slight negative effect on biological performance, the positive effect on mechanical behavior and biostability of scaffolds lead to this selection. The same observation was reported in other studies [50, 51] . The results of the mechanical properties of the porous hybrid scaffold 3S1G, 5S1G, 5S1.5G, and 5S2G were measured using compressive strength tests are shown in Fig. 4 . According to the results, the mechanical strength improved by increasing GPTMS and polymers content. This phenomenon can be attributed to the efficient cross-linking of structures in rich GPTMS solution. Furthermore, reduction of porosity as a function of GPTMS and polymer content play an undeniable role in the enhancement of stability. The most measured strength was related to 5S2G and the lowest one was related to sample 3S1G with an average strength of 83.65 ± 6.15 and 43.23 ± 4.33 kPa, respectively. Interestingly, this result is inversely proportional to the mean pore size of the samples and indicates that by reducing the pore size of the samples, their average strength has increased. The results of a one-way ANOVA test showed a significant difference in the structural strength of all the samples in the 0.05 level, except the difference between samples 5S1.5G with 5S2G and 5S1G with 5S1.5G. The sample 5S2G had significantly more strength than sample 5S1G and sample 3S1G with P < 0.0001 and P = 0.0128, respectively. The Gomes et al. [52] noted the starch-based scaffolds from the standpoint of mechanical properties and other features can be a great alternative for currently used-materials in tissue engineering.
Swelling ratio
Mean of the swelling ratio for each sample has been shown in Fig. 5a . As illustrated in the figure, the constructs absorb a high amount of PBS because of the hydrophilic nature of starch. Hybrid scaffold showed a swelling ratio of more than 500% after 2 H and this ratio increased to at least 900% till 24 H. The lowest amount of mean swelling ratio was related to sample 3S1G while increasing starch content improve the interaction of scaffolds with water molecules owing to provider higher number of hydrophilic functional groups. On the other hand, the addition of GPTMS to the solutions led to crosslinking of mentioned-functional groups, inducing a degree of hydrophobicity, producing a more rigid structure with lower mean pore size and reducing absorption capacity, such as Shirosaki et al. [53] investigation. Moreover, the lower porosity of 5S1.5G and 5S2G compared with 5S1G samples prevent facile diffusion of media to the bulk of scaffolds and affect the swelling ratio.
The highest swelling ratio was related to sample 5S1G, which is significantly higher than sample 5S1.5G (P < 0.0001) and sample 5S2G (P < 0.0001) after 24 H. It means that 5S1G significantly have more spaces for holding water inside of the scaffold than the other samples, the same Shirosaki et al. [53] investigation.
The same results were observed in the previous study [36] . It seems that sample 5S1G not only has sufficient porosity to absorb water molecules but also its special microstructure has caused a specific organization in steric effect and distribution of electrical charges. So it provided the best conditions for the presence and binding of water molecules. In fact, it can be concluded that differences in the microstructure can be considered as the main cause of the difference in water absorption. The same study by Yan et al. [54] noted the important role of water binding capacity of the scaffold in tissue regeneration. They also have considered hydrophilic nature and microstructure of the scaffold as the most important factors in the swelling ratio of the scaffold.
FIG. 5
Mean of swelling ratio (a) and biodegradation rate
In vitro biodegradation
The hybrid scaffold should be gradually degraded into nontoxic products, by hydrolysis or enzymatic degradation. Variety of parameters same as wettability, surface charge, topography, and appropriate porosity consider as main features to build scaffolds and affect the biodegradation rate [55] . Mean of the degradation ratio in 3, 6, 9, 12, and 15 days have been shown in Fig. 5b . According to the figure, the scaffolds can be degraded by passing the time in which after 15 days at least 60% of scaffolds degraded. Undoubtedly, the capability of absorbing water affects the rate of biodegradation. It should be noted that the in vitro biodegradation test is performed in PBS media. In the biological environments, the process of degradation may be slow down due to the presence of calcium and phosphate ions in physiological fluids leading to bioactivity, the formation of hydroxyapatite layers, and stability of structure during a 14-day period. The results also show that with increasing the mean pore sizes, biodegradation rate increases. Luo et al. [56] indicated that the degradation is related to the porosity, and degradation of the freeze-dried silk fibroin scaffold increases with increasing the scaffold pore size. Cross-linking the polymeric scaffolds via ascending concentration of GPTMS induce the hydrophobicity behavior to the scaffolds and decrease absorption capacity that followed by a reduction in degradation ratio. The same results were observed in the investigation of Tonda-Turo et al. [46] during comparing the gelatin-GPTMS and gelatin-genipin. Hence, 5S2G scaffolds indicated lower biodegradation ratio compared with the other groups in all days. Although the biodegradation of sample 5S2G was significantly less than sample 5S1G (P < 0.0027) and sample 3S1G (P < 0.0001), there was no significant (P > 0.05) difference in comparison with sample 5S1.5G. Also, there was no significant (P > 0.05) difference in sample 5S1G biodegradation compared with sample 3S1G and sample 5S1.5G after 15 days. Besides, the improvement of the mechanical performance of scaffolds as a function of GPTMS content influences the stability of constructs in simulated media. Moreover, 3G1S scaffold degraded rapidly and this phenomenon may have happened owing to the high degree of porosity and poor mechanical strength.
Bioactivity analysis
The porous network structure of 5S1G constructs beside the optimum physicomechanical characters led to following in vitro analysis on the acceptable sample. FE-SEM images were used to examine the size and morphology of the mineralized scaffolds after 3, 7, and 14 days immersion in SBF solution. The morphology of the deposited hydroxyapatite-like layers was shown alongside their EDX in Figs. 6a-6c. According to the micrographs, the nanocrystalline precipitates cover the surface in which the homogeneity of mineralized layer and density of coating increased by the time. Yoon et al. [57] indicated sedimentation of hydroxyapatite on the gelatin-GPTMS microspheres after soaking in 1.5 SBF solution. EDX analysis of the scaffolds revealed that Ca/P ratio was 1.63, which is very close to Ca/P ratio in biological hydroxyapatite (1.67), which it is in the acceptable range according to literature [58, 59] . Based on the results, the Ca/P ratio has become more similar to the physiological environment by passing the time.
The same results were observed in this study and confirmed the positive role of GPTMS in biomimetic mineralization of the scaffolds and strong ability of constructs in bone tissue engineering applications. In order to identify the composition of the biomimetic layer and the deposited apatite on the surface of the scaffold, the FTIR and XRD spectrum analyses were performed (Figs. 7a and 7b) . FTIR results showed the characteristic peaks of carbonate at ß1,455 and ß1,410 cm −1 , phosphate at ß1,040 cm −1 and a broad peak of the hydroxyl group from 3,400 to 3,500 cm −1 . Also, XRD results showed characteristic peaks of hydroxyapatite at 2θ angles of 24.5
• , 31.8
• , and 46.7
• degree with the main (h k l) indices for hydroxyapatite: (002), (211), and (300). This funding is matched with the observation of Arabi et al. [24] . The increase in intensity and sharpness of the specific peaks in XRD spectrum at a 14-day period compared with the 3rd and 7th days immersion time can represent the bioactive behavior of the scaffold. It could be due to the presence of -Si-O-Si-and Si-OH groups in GPTMS and tendency to adsorption of calcium ions [29] [30] [31] [32] [33] . The interaction of mentioned functional groups with SBF ions such as calcium leading to start the formation of the mineralized layer. The change in surface charge after deposition of Ca 2+ ended to the absorption of phosphate ions and formation of hydroxyapatite layers [60, 61] .
Cell culture
In this study, the BMSCs have been harvested and cultured. The suitability of the structure of scaffolds for cell seeding was evaluated by observing cell morphology using FE-SEM imaging. After 5 days, FE-SEM micrographs confirmed the adherence and spreading of MSC on the 5S1G scaffolds (Figs. 8a and 8b ). According to Salgado et al. [22] starch-based scaffold. In addition, Martins et al. [62] dynamically seeded human osteoblast-like cells on the hierarchical starch-based fibrous scaffold and observed the supportive behavior of scaffolds from cell adhesion and growth. These results were similar to our results. Shirosaki et al. [32, 33] have noted the Si-OH and -Si-O-Si-groups in GPSM create suitable sites for cell attachment because of their ability of adsorption of cations such as Ca 2+ , related to this biological process [29] [30] [31] . The cell viability during three time periods, 1, 3, and 5 days, has been shown in Fig. 8c . The cells and culture plate without scaffolds were chosen to be the control group. Results significantly (P < 0.0001) demonstrated the increasing number of viable cells by the time. So it could be concluded that the scaffolds provide the suitable substrate for the proliferation of the cells. Besides, the highest number of alive cells compared with the control group proved the biocompatibility of constructs. Undoubtedly, the porous structure of scaffolds, hydrophilic nature of starch in order to interact with cell culture media, and the Si-OH and -Si-O-Si-groups provided by GPTMS have helpful influences on cell activity and proliferation.
FIG. 8
FE-SEM illustrating the morphology of MSC seeded on starch-GPTMS (5S1G) structures after 5 days (a and b) and mean of cell viability in a-1, 3, and 5-day culture (c).
Conclusions
This study indicated that GPTMS cross-linked starch-based scaffold can develop suitable mechanical and biological properties to create a mineralized bone-like extracellular matrix. All four biocompatible scaffolds have had suitable hydrophilic features and microstructure for use in bone tissue engineering. This study also revealed that with the enhancement of GPTMS or starch concentration and reduction of porosity, the mechanical properties have been enhanced, and biodegradation declined. Besides, BMSCs cells adhered and spread well on 5S1G construct (as the best scaffold in terms of the physicomechanical feature) and no toxicity or cell death was observed. Mineralization of the sample after soaking in SBF solution confirmed its potential for further in vitro and in vivo studies in a bone regeneration area.
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